Kangaroo management plans for the commercial take of meat and hides and non-commercial population control focus on numbers (estimates of species abundance), proportions (quotas) and trends (sustainability of offtake). Effects on individuals and communities are too readily dismissed leading to inhumane treatment of dependent offspring and single species modelling in a multi-species community. I discuss the evidence for these deficiencies in current management plans and suggest actions and research to redress them.
THE New South Wales (NSW) Kangaroo
Management Plan (KMP) for 2002 and beyond saw a change in focus from damage mitigation to sustainable use of kangaroo meat and hide products through the commercial kangaroo industry and its regulation (Gilroy 2004) . Sustainable use of kangaroo products has subsequently become the platform of the Queensland, South Australian and Western Australian kangaroo plans for commercial killing of red kangaroos (Macropus rufus), eastern and western grey kangaroos (Macropus giganteus and Macropus fuliginosus) and common wallaroos (Macropus robustus). Thus a large part of the vision promoted by Grigg (1988) to move these four large kangaroo species from pest to resource has now been realised. The flagship of this attitudinal change has been the ability to purchase kangaroo meat for human consumption in some outlets and to dine on a high value kangaroo meat dish in selected restaurants in every Australian state. However, Grigg (2002) notes that kangaroo meat attracts a low price and "…most landholders still regard kangaroos as pests…" (p. 53). Thus a change in the purpose for the commercial killing of kangaroos is yet to see a significant change in the value of the end products and the valuing of their producer.
The change in purpose of the commercial kangaroo industry may well prove more palatable to the Australian community and international observers than pest control. Likewise it assists managers in achieving the goals of the various state kangaroo management programs since the degree to which damage was mitigated through a commercial harvest proved impossible to accurately audit. Furthermore as Croft (2000), Grigg (2002) and others have noted, the 'damage' from at least the perspective of grazing pressure was grossly overestimated. However, a change in purpose does not solve many of the issues raised by those who oppose the killing of kangaroos through the mechanisms available in the various state KMPs. At the conclusion of the conference in 2001, the delegates were invited to raise discussion points for further action. I have summarised these under three headings -animal welfare, management and conservation, and research issues (Appendix 1). By way of concluding this volume I will address two of these: Is the Code of practice for the humane shooting of kangaroos (Environment Australia 1990) meeting animal welfare needs? Is the management of the commercial take of kangaroos addressing community level interactions between herbivores as part of sustainability?
Humane killing of kangaroos in KMPs
The killing of kangaroos under the various state KMPs is governed by the Code of practice for the humane shooting of kangaroos (Environment Australia 1990 ). This code is particularly directed at the 'kangaroo trappers' in the commercial harvest industry but generally applies to the killing of kangaroos for other land management purposes although an annual test of marksmanship may not necessarily apply in the latter case. The code specifies the method of shooting and dispatch of injured kangaroos and pouch young.
There is a general belief that shooting a freeliving kangaroo in the head will produce a sudden and painless kill which is inherently less stressful than the muster, transport and yarding of stock for slaughter. However, whether the shooting stresses other surviving individuals and the degree to which this might increase with repetition of the hunting effort across nights has not been scientifically studied. An avenue for future research on this issue may be to examine faecal glucocorticoids (von der Ohe and Servheen 2002) as a function of contemporary shooting (and spotlighting) activity. Certainly in another economic use of wildlife, namely tourism, there is concern and active research on the degree of stress imposed by human visitation (Ananthaswamy 2004). For example, Green and Higginbottom (2002) review the impact of spotlighting which is particularly relevant to the viewing of Australia's predominantly nocturnal mammals. The community would generally view wildlife tourism as more benign that wildlife killing and so the latter should be under similar scientific scrutiny about unacceptable stress to individual animals.
RSPCA Australia reviewed compliance with the Code of practice for the humane shooting of kangaroos for Environment Australia (Environment Australia 2002). The review found that compliance in the commercial industry with the requirement to head shoot harvestable kangaroos was high (average across states with commercial industries of 95.9%) and had improved from an estimated 86% in 1985. However, the review qualified this finding as follows:
"Firstly, the sample was a conservative one as it represents only those kangaroos taken to processors, and many processors will only accept head-shot kangaroos. Secondly, it does not include kangaroos shot and injured but not retrieved by the shooter, and evidence suggests that such injuries are a regular occurrence during a shoot. Finally, the results do not take into account the effect on the dependent offspring of shot female kangaroos."
The inadequacy of the KMPs to address the inhumane treatment of dependent young-at-foot through the Code of practice for the humane shooting of kangaroos has been a significant animal welfare concern with the commercial industry (Croft 2000) and remains so. In my experience there is a common misconception in rural communities that kangaroo young become independent of maternal care at permanent pouch exit. This is in spite of ample opportunities to observe mothers suckling young who place their head back into the pouch or the opportunity to inspect the pouches of moribund female kangaroos and to note two active mammary glands (one used by the pouch young and the other with an elongated teat used by the still dependent young-at-foot). A survey of the extent of compliance with the requirements of the code of practice for the humane shooting of kangaroos (Environment Australia 2002), notes:
"Discussions with shooters during this survey suggested that although smaller pouch young were killed immediately, young at foot were far more difficult to kill. Some shooters always let such mobile young go free, whilst others would attempt to catch and kill these animals. Several cases were reported of shooters bringing young at foot home, to be raised by the shooter himself, or by friends. The general approach by shooters was that if it was easy to catch and kill the young at foot then this was done. However, if the young at foot were too mobile and too much time would need to be spent in killing the animal, then it was left alone." The conclusion is that some shooters perhaps recognised the dependency of large young and gave them to rearers whereas others released them without due regard to their fate or perhaps at best with the misconception that they would survive alone. In fact lactational demand on the mother peaks at the time of permanent pouch exit and the young-at-foot typically suckles every 1.5 -2 hr throughout the day thereafter to weaning (Russell 1989) . The relative proportion of energy supplied by milk relative to pasture declines towards weaning when the young reaches 10 -12 kg (at 1 year in M. rufus (Sharman et al. 1964) ; 18 months in grey kangaroos (Poole 1975) ). However, Munn and Dawson (2003) have recently shown that on poor quality diets near-weaned M. rufus would require up to 540 ml per day of milk to attain the same growth rate as lucerne-fed young.
A survey of the extent of compliance with the requirements of the code of practice for the humane shooting of kangaroos, concludes:
"The survival rate of joeys that have lost their mother will be dependent on a combination of factors including the age, gender and health of the joey, the social structure of the mob, and the prevailing environmental conditions (availability of food, water and shelter). It is not known what the average survival rate of abandoned joeys is, however a proportion of kangaroos orphaned through shooting will die of starvation, exposure or predation in the days and weeks following the loss of their mother." The facts are that age will play a role in that youngat-foot (joeys) may not starve to death if pasture is of high quality, gender may accelerate the death of males since their growth rates are higher post permanent exit from the pouch (e.g., Stuart-Dick and Higginbottom 1989), health (presumably fat stores) may prolong the time to starvation, the social structure of the mob has no effect ('adoption' is not known in the wild in spite of close observation of all four species), and prevailing environmental conditions will obviously influence the time to morbidity. Juvenile survival of mother-reared offspring may be low, especially in drought (Newsome 1977; Shepherd 1987) , and thus all current scientific evidence based on well-known metabolic requirements (e.g., Dawson 1989) and vulnerabilities to predation (e.g., Banks et al. 2000) would suggest that the proportion of orphaned young-at-foot surviving would be negligible.
The clear conclusion is that the shooting of adult female kangaroos will frequently leave orphaned young-at-foot to starve or die by predation in the absence of maternal care. This practice would be unacceptable in livestock industries, unacceptable in human populations and so is clearly inhumane and unethical. A survey of the extent of compliance with the requirements of the code of practice for the humane shooting of kangaroos, suggests that the incidence may be lessened by some shooters in stating:
"Some shooters try to overcome this problem by avoiding shooting female kangaroos carrying large pouch young. This appears to be for two reasons -there is a repugnance to killing large young, and these shooters (usually full-time 'professional' shooters) believe that by leaving obviously breeding kangaroos within a property, there will be kangaroos available in the future. This is similar to the approach taken in the past by rabbit trappers who would leave one colony of rabbits on a property." This fails to address the issue of starvation of youngat-foot who may be unknown to the shooter due to their distance from the mother, the cover of vegetation and the limited viewpoint afforded by night shooting under a spotlight. As clearly noted by A survey of the extent of compliance with the requirements of the code of practice for the humane shooting of kangaroos:
"One of the major animal welfare issues arising from the shooting of kangaroos, whether by commercial or non-commercial shooters, is the fate of dependant pouch young and dependant joeys at foot." but "Although the Code of Practice provides some specific guidance on the killing of pouch young, the recommendations in the Code are ambiguous, particularly when it comes to ensuring that larger joeys are humanely killed." Thus all State management plans rely on compliance with the Code of practice for the humane shooting of kangaroos to address animal welfare issues with commercial (or non-commercial) kangaroo killing. The code addresses the issue of 'humane shooting of kangaroos' but clearly this does not cover all the important issues in the humane treatment of kangaroos, especially the treatment of 'joeys'.
Shooting a mother, especially the more reproductively successful 6 -15 year olds (see Bilton and Croft 2004) , may have deeper consequences to survivorship and fitness of relatives than immediate loss of a nutritionally-dependent offspring. Social learning from the mother is likely to be a key factor in survivorship and the development of behavioural skills through into adulthood (Higginbottom and Croft 1999) . Diet preferences and the ability to discriminate amongst plants to obtain an appropriate balance of nutrients without excess toxins is likely to be learnt in mammalian herbivores with the mother as a prime role model (Provenza 2003) . Naïve juveniles may be neophobic (afraid of the new) or cavalier (try anything once) without following the foraging behaviour of experienced adults and would have compromised fitness by either an inadequate nutritional intake or poisoning, respectively. Female kangaroos also invest in training offspring to bridge obstacles and to discriminate amongst stimuli that may herald a potential predation risk (reviewed in Higginbottom and Croft 1999) . Matrilines build amongst at least reproductively successful females in M. giganteus (Stuart-Dick 1987) and red-necked wallabies, Macropus rufogriseus (Johnson 1986). Females with female relatives overlapping their home range may have higher reproductive success (fitness) than those without. Peers may also fill training roles in behaviour such as fighting (Watson 1998). Even so playfights are often between mixed age/size groups to assist training in the smaller/younger and to assess potential competitors in the larger/older play partner (Croft and Snaith 1991). Thus loss of larger and older adults from a population through a commercial sizeselective harvest has consequences to the fitness of remaining individuals. The 'kangaroo trapper' is not omniscient about the current social role and future potential of the individuals he or she shoots. We assume that on average the fitness consequences of the 15 -20% cull are neutral (Hale 2004) (2000) used a model to recommend that long-term suppression of a population of M. rufus is best achieved by culling females during or immediately following a drought. At such times females are unlikely to have dependent young-at-foot. Thus the welfare of dependent offspring would be less compromised. Even so some females may extend maternal care by allowing juveniles to suckle beyond the normal weaning time or return to suckle after weaning during drought and following loss of pouch young (I. Witte and A. Bilton, pers. comm.). Furthermore suppression of the population may suit some stakeholders (e.g., pastoralists) but not others (e.g., tourism and kangaroo industries). The South Australian management plan at least recognises the welfare concerns to dependent offspring of non-commercial kangaroo 'destruction' and states (p. 21):
"Controlled culls of kangaroos on National Parks and reserves are conducted with the utmost concern for animal welfare, and culls are timed to minimise the potential impacts on pouch young or young-at-foot."
However, it apparently relies on the inadequate (as explained above) Code of practice for the humane shooting of kangaroos for commercial and noncommercial 'destruction' off National Parks.
The obvious conclusion is that a male-only harvest for the commercial industry will alleviate the need to destroy pouch young and avoid the clearly inhumane treatment of young-at-foot. Even if the code was revised to include a provision for the 'destruction' of the young-at-foot, there would be a strong economic disincentive for the trapper to expend the time and resources to do so. Rather trappers should be trained to discriminate the sexes of kangaroos and the code amended to allow only the take of males. The taking of 'surplus males' for the meat and hide trade is likely to skew the offspring sex ratio towards sons through local resource competition amongst females (Silk 1983; Ashworth 1996) adding to the sustainability of such an industry. In special circumstances where population reduction is warranted, strategies have been identified and operatives can be trained to achieve this end with, as the South Australian KMP states, "…the utmost concern for animal welfare".
Community level interactions between herbivores
The NSW KMP 2002 recognised that fundamental differences in the biology of the four species under commercial harvest exist and should be taken account of in any management. The clearest difference in relation to a sustainable harvest is that the fecundity of M. rufus and M. robustus is much greater than M. giganteus and M. fuliginosis (Table  1 ). Thus harvest rates have been adjusted to allow for the different rates of increase amongst species.
A further complexity is that the four species are not equally accessible or desirable to the kangaroo trapper. For example, M. robustus occupy more rugged habitat and are on average smaller than the other three species. Thus the South Australian KMP states (p. 35):
"Red Kangaroos are taken preferentially over Western Grey Kangaroos and Euros, due to their easier accessibility and their larger size. Euros are the least taken commercial species in South Australia, due to their preference for rocky, difficult to access, habitat." These biases are reflected in the South Australian take for 1998-2003, where an average of 55% of the quota of M. rufus, 30% of M. fuliginosus and 20% of M. robustus were killed (http://www.deh.sa.gov.au/ biodiversity/kangaroo.html). State management plans address in some way the effects of an offtake of kangaroos for the commercial industry on ecosystems or other species. They dismiss trophic level effects and 'off-target' species effects as trivial as a consequence of the low activity of the industry. However, they ignore community level effects amongst herbivores, especially the kangaroo species, except in the most general way in discussion about the need to reduce total grazing pressure in land management. In contrast the plans admit to significant biased offtakes between sympatric species that could lead to community level impacts through competitive release or loss of synergies between species.
Species
There is some stakeholder concern (e.g., Pastoralists Association of West Darling) that the long-term welfare of M. rufus is under threat relative to less desirable grey kangaroos. M. rufus are killed at or approaching the quota (set higher than the other two or three species), in a community of other potentially competing species which are perceived to be relatively advantaged by this selective human predation. Using the estimated populations of the four kangaroos species on the 'western plains' of NSW, M. rufus have been taken by the commercial industry disproportionately more than expected from their availability for most of the last 15 years and grey kangaroos disproportionately less (Fig. 1.) . The consequence of this clearly needs to be a research priority but is apparently opaque to the thrust of the state KMPs which seem to view the problem as kangaroos versus sheep, goats or cattle. In reality kangaroos are managed within a community of mammalian herbivores that includes at least two other macropod species (possibly up to eight in parts of northern NSW and Queensland), common (Vombatus ursinus) or hairy-nosed (Lasiorhinus sp.) wombats in some zones, a variety of managed or feral stock (sheep, goats, cattle. donkeys, horses, camels) and rabbits (Oryctolagus cuniculus).
The reasons why kangaroos and other native mammalian herbivores might show anomalous population increases or decreases or expand or contract their range are varied. M. robustus The problem with kangaroo management seems to be that there is no agreed temporal reference point (e.g., recent memory, generational knowledge, indigenous knowledge, explorers' diaries or evolutionary history have variously been used) and little pristine habitat within which to monitor reference communities.
We can 'let nature take its course' in a continent facing rapid climate change where the more adaptable species may prosper (the large kangaroos are considered amongst these). We can accept that new communities of mammalian herbivores have arisen through extinction and introduction and look for economic and ecological synergies in these (see Croft 2000) . Witte (2001) has shown that mammalian herbivores in the sheep rangelands segregate across the landscape (Fig. 2) and can maintain relatively stable populations. However, we should not forget the value of our natural heritage. If we had joined James Cook's explorations of discovery to the Antipodes and taken an aboriginal guide into the interior of Australia, our 1770 wildlife experience would have been very much richer than today. Thus to the extent that we can control and manage anthropogenic effects on wildlife such as kangaroos, we have a duty of care to examine and monitor community level effects and not rely on single species models in kangaroo management programs. Likewise we should not forget the individual in programs dominated by numbers (estimates of species abundance) and proportions (e.g., quotas) and ensure that killing is both necessary and humane and takes due account of the social structure of the species under control. 
